In the present study, hydroxyapatite used as a matrix material was derived from the femur bones of Meleagris gallapova (MGHA) and then reinforced with yttriyum oxide (Y2O3, 5 and 10 wt.%). Then samples pelleted at 350 MPa were sintered between 900 and 1300
Hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 , HAp) is one of the most bioactive and biocompatible materials and has been widely investigated as bone substitute and scaold for hard tissue engineering. However, the low fracture strength and poor fatigue resistance due to the instability of OH − groups, limit the use of HA for load-bearing applications. Low mechanical properties of HA can be improved by precise control of the microstructure and the use of various reinforcements [14] . One of the most commonly used methods to improve the mechanical properties has been the production of HA-based composites, with reinforcements of oxide-based ceramics like yttria stabilized zirconia (YSZ), Al 2 O 3 , ZrO 2 , TiO 2 or glass ceramics [57] .
In the present study, we rst obtained hydroxyapatite powders from the femur bones of Meleagris gallopova in three steps. Afterwards, Meleagris gallopova hydroxyapatite powders (MGHAp) were doped with yttria (Y 2 O 3 ) and sintered at 900, 1000, 1100, 1200 and 1300
• C for 4 h with the heating and cooling rates of 5
• C/min in air atmosphere. Finally, the eect of sintering process and Y 2 O 3 reinforcement on the microstructural and mechanical properties of MGHAp were investigated.
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Materials
In this study, hydroxyapatite powders used as matrix material were obtained from Meleagris gallopova femur bones, according to our early study [8] , and reinforced with yttria (5 and 10 wt.%, Y 2 O 3 ). The powders of MGHA (10 µm) and Y 2 O 3 (5 µm) were well homogenized in Restch PM 100 ball milling device. Afterwards, green body pellets were compacted at 350 MPa according to British 7253 standard [9] . Finally, the compacted green bodies were sintered at 900, 1000, 1100, 1200 and 1300
• C for 4 h, with the heating and the cooling rates of 5
• C/min.
Mechanical properties
Density of the sintered samples was measured by Archimedes method in distilled water. Theoretical density of the materials was calculated as 3.156 g/cm 3 , 3.215 g/cm 3 and 3.277 g/cm 3 for MGHA, MGHA-5% Y 2 O 3 and MGHA-10% Y 2 O 3 , respectively. Relative density of the materials was calculated comparing sintered densities with theoretical densities. The compression strengths of the sintered samples were measured using Devotrans universal testing device at speeds of 2 mm/min. Micro-vickers indentation method was used to determinate of the hardness of the sintered samples. Loads of 1.962 N for 20 s were applied to measure hardness.
(1403)
Microstructural properties
The XRD patterns were obtained at room temperature in an X'Pert MPD Philips diractometer using Cu-K α radiation in the range of 2θ (1090
• ). The microstructures of the samples were determined by scanning electron microscope (SEM, JOEL Ltd., JSM-5910 LV) after gold coating.
Results and discussion
XRD analysis results show that HA was detected for pure MGHA until 1100
• C without any second phase. However, at higher temperatures HA and also TCP (at 1200
• C) and HA+TCP+CaO phases (at 1300
• C) were detected as shown in Fig. 1a . HA and Y 2 O 3 phases were detected for both MGHA-5Y and MGHA-10Y composites. However, at 1300
• C, HA-Y 2 O 3 -TCP-Y(OH) 3 (yttrium hydroxyde) and Ca 3 Y(PO 4 ) 3 (calcium yttrium phosphate) phases were detected for MGHA-5Y composites (Fig. 1b) , while HA-Y 2 O 3 and TCP phases were detected for MGHA-10Y composites (Fig. 1c) . These phases were also obtained in early studies [1011] . In general, during solid state sintering of powder compacts, the pore size and morphology evolves through
pores appear along the grain boundaries and (iii) a nal stage at which the tubular pores break up into isolated quasi-spherical pores typically located at the triple points of grains [12] . When the pellets of MGHAp and MGHA-Y 2 O 3 composites were sintered at 900
• C, local interconnections between grains via necks and also large cavities due to open networks of pores were observed, as shown in Fig. 2a, 2b and 3a . During the intermediate sintering stage, not only the most of densications has occurred, but also pore size, number, density of pores and pore morphology underwent signicant changes. This event was determined for MGHAp and MGHA-Y 2 O 3 composites sintered at 1100
• C, as shown in Fig. 2c and Fig. 3b . In the nal stage, no porosity was found on the surface of sintered samples at 1200 and 1300
• C, as shown in Fig. 2d , 2e and 3c. Fig. 2 . SEM micrographs of MGHA sintered at (a) 900
• C and (e) 1300
• C.
As shown in Table, while the density and microhardness of the samples have increased at elevated temperature, the compressive strength of MGHA and MGHA-10Y have decreased at 1300
• C, when compared to samples sintered at 1200
• C. This situation may be related to much larger dierence in the coecients of thermal expansion (CTE) between the second (TCP) or third (CaO) phases and the HA, and also glassy phases sintered at 1300
• C. The lowest density was obtained in MGHA-10Y sintered at 900
• C, the highest density was obtained Hardness of the sintered ceramics is aected by average grain size, porosity rates and occurrence of the second and/or third phases. In the present study, microhardness values of sintered samples were increased by increasing sintering temperature and average grain sizes. In density measurements, the lowest and the highest microhardness values were obtained from MGHA-10Y for samples sintered at 900 and 1300
• C, respectively. The slow increase of the hardness at 1300
• C compared to 1200
• C may be due to existence of closed porosity, increased grain size and/or formation of glassy phases around grains and the occurrence of new phases, as indicated by XRD analysis [13] .
Compared to previous studies carried out with the HA powders derived from biological sources and then pelleted according to British 7253 standard density, microhardness and compressive strength of MGHAp are generally higher then those of the others [1416] . These higher mechanical properties for MGHA-Y 2 O 3 may be related to the dissimilar average grain size of starting powders, calcination temperatures and times during the production of HA powders, ball milling time, number and diameters of balls, higher diusion rate of Y 2 O 3 into HA and due to reducing eect of Y 2 O 3 on the transformation rates of HA into TCP. Experimental results also showed that MGHA-10Y 2 O 3 composites sintered at 1200 and 1300
• C can be used as a biomaterial for load bearing applications because of their high enough compressive resistance [17] . Fig. 3 . SEM migrographs of MGHA-Y2O3 composites. 4. Conclusion In this study, the inuence of Y 2 O 3 reinforcement on the microstructural and mechanical properties of MGHAp were investigated. The following conclusions can be drawn from the present study:
1. This study shows that mechanical properties of MGHAp can be improved by the reinforcement of
2. While the optimum sintering temperatures for MGHA and MGHA-10Y was found to be 1200 • C, it was determined for MGHA-5Y to be 1300
3. Higher mechanical properties were obtained at higher sintering temperatures.
4. MGHA-10Y 2 O 3 composites sintered at 1200 and 1300
• C can be used as biomaterial for load bearing applications. 
